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PREPARATION METHOD OF MAGNETIC AND METAL OXIDE NANOP ARTICLES 
Technical Field 

5 The present invention relates, in general, to a method of producing magnetic oxide 

nanoparticles or metal oxide nanoparticles and, more particularly, to a method of producing magnetic 
or metal oxide nanoparticles, which comprises (1) adding a magnetic or metal precursor to a 
surfactant or a solvent containing the surfactant to produce a mixed solution, (2) heating the mixed 
solution to 50 - 600*0 to decompose the magnetic or metal precursor by heating so as to form the 
1 0 magnetic or metal oxide nanoparticles, and (3) separating the magnetic or metal oxide nanoparticles. 

Background Art 

It is known that magnetic, electric, and optical properties of metal oxide nanoparticles 
15 depend on their size and shape (Dai, Z.R. Adv. Func. Mater. 2003, vol.19, p.9). Based on the 
above characteristics, it is predicted that the metal oxide nanoparticles are capable of being applied 
to various fields, such as magnetic resonance imaging contrast media, record storage media, 
catalysts, energy storage, sensors, and ferrofluid (Zarur, A.J. Nature, 2000, vol.403, p.65; Majetich, 
SA. Science, 1999, vol.284, p.470). 
20 Nanoparticles have been produced through various synthesis methods, which include 

thermal decomposition of an organometallic precursor, decomposition using an ultrasonic method, 
reduction of metal ions at high temperatures, or reduction in inverse micelles. Of them, the most 
frequently used method is one in which a solution containing surfactants is heated to a high 
temperature, a precursor is added thereto for a short time to form uniform crystalline nuclei, and the 
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temperature is reduced so as to prevent the formation of additional nuclei and to make the growth 
of the particles uniform. Additionally, various related technologies have been developed. 

Korean Pat. Laid-Open Publication No. 2003-0082395 discloses a method of 
synthesizing uniform spherical metal oxide nanoparticles, in which a metal precursor and a 
5 surfactant react in a solvent at 30 - 200 V to produce a metal-surfactant complex where the 
surfactant is bonded to the metal, the metal-surfactant complex is decomposed at 50 - 500 °C by 
heating to synthesize uniform spherical metal nanoparticles, and the synthesized spherical metal 
nanoparticles are separated and then oxidized using an oxidizing agent 

Korean Pat. Laid-Open Publication No. 2003-008234, U.S. Pat No. 6,262,129, and 
10 Shouheng Sun, J. Am Chem Soc., 2002, vol.124, p.8204 disclose a method of producing a 
magnetite (Fe^) nanoparticle material, in which iron salts, alcohol, organic acid, and organic amine 
are mixed and heated at 200 - 360 °C. In the above method, the particle size is controlled by 
changing a ratio of iron salts to acid/amine or by coating small nanoparticles with additional iron 
oxide. 

15 Another conventional technology is a method of producing metal or magnetic 

nanoparticles, in which, after a metal precursor is synthesized, the precursor is rapidly added to a hot 
solution where a surfactant is mixed with a solvent (Peng, X. Chem. Mater. 2004, vol. 1 6, p.393 1 ). 

Meanwhile, synthesizing methods, which aim to control the shape and the size of metal 
oxide nanoparticles, are known. 

20 For example, a method of producing metal oxide nanoparticles having various shapes, 

such as sphere, rod, or bullet shapes, is suggested, in which a solution, containing metal alkoxide, 
and a surfactant, is heated, and then a metal halogen compound is rapidly added thereto at high 
temperatures to produce the nanoparticles in a kinetically stable state while the type and the 
concentration of the surfoctant are controlled (Cheon, J. Am. Chem. Soc. 2003, vol.125, p.15981). 
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Another example is a method of producing anisotropic metal oxide nanoparticles at high 
temperatures by mixing a metal precursor with a surfactant, a solvent, and an oxidizing agent (Park, 
J.T., J. Am. Chem. Soa 2003, vol.125, p.3408). 

However, the production of the metal oxide nanoparticles according to the above methods 
5 has the following problems. In Korean Pat Laid-Open Publication No. 2003-0082395 and Park, 
J.T. J. Am. Chem Soc. 2003, vol.125, p.3408, it is necessary to conduct an oxidation process of 
converting the metal nanoparticles into the metal oxide nanoparticles using an oxidizing agent after 
the metal nanoparticles have been produced The above two patents are problematic in that reaction 
efficiency is reduced because a production procedure is complicated due to the two-step process as 

1 0 described above, and a production cost of the oxide nanoparticles is increased because many types of 
reactant are added U.S. Pat No. 6,262,129, Korean Pat. Laid-Open Publication No. 2003- 
0082394, and Shouheng Sun, J. Am. Chem Soc., 2002, vol.124, p.8204 have a disadvantage in that 
since it is possible to produce the nanoparticles only when using all of three reactants comprising 
polyalcohol as a reducing agent, organic acid, and organic amine, many types of reactant are used. 

1 5 Particularly, in the course of producing ferrite magnetic oxide containing manganese or cobalt, the 
oxidation number of iron is 3, and the oxidation numbers of manganese and cobalt are both 2. 
However, if polyalcohol acting as the reducing agent reduces iron, it is impossible to form ferrite 
nanoparticles, and chemical equivalence ratios of metals are not in accord with each other, thus the 
structure of the nanoparticle does not coincide with an inverse spinel structure. Furthermore, due to 

20 polyaldehyde and polyorganic acid, caused by a side reaction of polyalcohol as the reducing agent, 
the action of organic acid as the surfactant is suppressed and a process of separating byproducts is 
complicated. Peng, X., Chem Mater. 2004, vol.16, p.393 1 discloses a method in which after the 
metal precursor has been synthesized and purified, the metal precursor is rapidly injected to a reaction 
solution. In the method, since a complicated process of synthesizing and purifying the meal 

25 precursor must be implemented and reactants are mixed by rapid injection, it is difficult to synthesize 
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uniform nanoparticles in great quantity. Likewise, Cheon, J. Am. Chem. Soc. 2003, vol 125 
p.15981 is problematic in that since the metal precursor is rapidly injected into the reaction solution at 
high temperatures to produce the anisotropic metal oxide nanoparticles, it is difficult to produce the 
uniform nanoparticles in great quantity, and a complicated process must be conducted in order to 
5 precisely control the reaction. 

Therefore, the present inventors have conducted extensive studies, resulting in the findings 
that it is possible to produce magnetic or metal oxide nanoparticles through a single process by 
mixing a metal precursor, a solvent, and a surfactant while heating them without an oxidizing or 
reducing agent, and that it is possible to produce magnetic or metal oxide nanoparticles having a 
10 desired size by controlling the concentration of the precursor or the type of the surfactant, thereby 
accomplishing the present invention. 

Disclosure of the Invention 

1 5 Accordingly, an object of the present invention is to provide a method of effectively mass- 

producing magnetic or metal oxide nanoparticles having a desired size and a uniform shape through a 
simple process without using an oxidizing agent or a reducing agent 

In order to accomplish the above object, the present invention provides a method of 
producing magnetic or metal oxide nanoparticles. The method comprises (1) adding a magnetic or 

2 0 metal precursor to a surfactant or a solvent containing the surfactant to produce a mixed solution, (2) 
heating the mixed solution to 50 — 600 <C to decompose the magnetic or metal precursor by heating so 
as to form the magnetic or metal oxide nanoparticles, and (3) separating the magnetic or metal oxide 
nanoparticles. 

25 
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Brief Description of the Drawings 

FIG. 1 illustrates the production of magnetic oxide nanoparticles or metal oxide 
nanoparticles according to the present invention; 
5 FIGS. 2a, 2b, and 2c are transmission electron microscope (TEM) pictures of iron oxide 

nanoparticles having sizes of 6, 9, and 12 nm produced according to the present invention; 

FIGS. 3a, 3b, and 3c are TEM pictures of manganese ferrite nanoparticles having sizes of 6, 
9, and 12 nm produced according to the present invention; 

FIG. 4 illustrates saturation magnetic hysteresis curves of manganese ferrite nanoparticles 
10 having sizes of 6, 9, and 12 nm produced according to the present invention; 

FIG. 5 is a high voltage high resolution TEM picture of manganese ferrite nanoparticles 
having sizes of 12 nm produced according to the present invention; 

FIG. 6 is a TEM picture of cobalt ferrite nanoparticles produced according to the present 
invention; 

15 FIG. 7 is a TEM picture of nickel ferrite nanoparticles produced according to the present 

invention; 

FIG. 8 is a TEM picture of iron oxide nanoparticles having the size of 9 nm which are 
mass-produced according to the present invention; 

FIG. 9 is a TEM picture of titanium oxide nanoparticles produced according to the present 
20 invention; 

FIG. 10 illustrates X-ray diffraction pattern analysis results of titanium oxide nanoparticles 
produced according to the present invention; 

FIG. 1 1 is a TEM picture of tungsten oxide nanoparticles produced according to the present 
invention; 
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FIG. 12 is a high voltage high resolution TEM picture of tungsten oxide nanoparticles 
prcxluced according to the present invention; 

FIG. 13 is a TEM picture of manganese oxide nanoparticles produced according to the 
present invention; 

5 FIG. 14 is a high voltage high resolution TEM picture of manganese oxide nanoparticles 

produced according to the present invention; and 

FIG. 15 illustrates X-ray difrraction pattern analysis results of manganese oxide 
nanoparticles produced according to the present invention. 



10 Best Mode for Carrying Out the Invention 



The present invention relates to a method of producing magnetic oxide nanoparticles or 
metal oxide nanoparticles. The method comprises (1) adding a magnetic or metal precursor to a 
surfactant or a solvent containing the surfactant to produce a mixed solution, (2) hearing the mixed 
15 solution to 50 - 600*0 to decompose the magnetic or metal precursor by heating so as to form the 
magnetic or metal oxide nanoparticles, and (3) separating the magnetic or metal oxide nanoparticles. 

Hereinafter, a detailed description will be given of the magnetic precursor, the metal 
precursor, the surfactant, and the solvent that are used as reactants in the method according to the 
present invention. 

20 In the present invention, examples of the ''magnetic precursor" include metal a nitrate-based 

compound, a metal sulfate-based compound, a metal fluoroacetoacetate-based compound, a metal 
halide-based compound (MX* M = Fe, Ni, Co, Gd, Mn, Zn, Cr, or Cu, X = F, CI Br, or I, <Ka<5), a 
metal perchlorate-based compound, a metal suifamate-based compound, a metal stearate-based 
compound, or an organometallic compound. 
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The metal nitrate-based compound is exemplified by iron(II) nitrate, iron(III) nitrate, 
manganese nitrate, cobalt nitrate, zinc nitrate, nickel nitrate, and copper nitrate. 

The metal sulfate-based compound is exemplified by iron sulfate (II), iron sulfate (LT), 
manganese sulfate, cobalt sulfate, nickel sulfate, copper sulfate, and zinc sulfate. 
5 The metal fluoioacetoacetate-based compound is exemplified by iron trifiuoroacetoacetate, 

cobalt hexafluoroacetoacetate, manganese hexafiuoroacetoacetale, nickel hexafluoroacetoacetate, 
copper hexafluoroacetoacetate, and zinc hexafluoroacetoacetate. 

The metal halide-based compound is exemplified by iron(II) chloride, irorKTII) chloride, 
cobalt chloride, nickel chloride, copper chloride, zinc chloride, gadolinium chloride, iron(II) bromide, 
10 iron(ITI) bromide, cobalt bromide, nickel bromide, copper bromide, zinc bromide, iron(II) iodide, 
iron(III) iodide, manganese iodide, nickel iodide, copper iodide, zinc iodide, and cobalt iodide. 

The metal perchlorate-based compound is exemplified by iron(HT) perchlorate [Fe(C104>3], 
cobalt perchlorate [CcKClO^], manganese perchlorate [Mn(a0 4 E nickel perchlorate [Ni(C10 4 )2] s 
copper perchlorate [Cu(C10 4 >2], and zinc perchlorate [Zi^ClO^j. 
15 The metal sulfamate-based compound is exemplified by iron sulfemate (FeNH^Chk, 

manganese sulfamate (MnNH 2 S0 3 )2, nickel sulfamate (NiNH 2 S03>2, cobalt sulfemate (CoNH 2 S03>2, 
copper sulfamate (CuNH 2 S0 3 )2, and zinc sulfamate (ZnNH 2 S0 3 )2- 

The metal stearate-based compound is exemplified by iron stearate [Fe(02CigH35)], 
manganese stearate {M^ChC^s)], nickel stearate [Ni^Cigrfe)], copper stearate [CuCCfeCigHas)], 
2 0 cobalt stearate [CoCOA^s)], and zinc stearate [ZnCO^glfe)]. 

The organometallic compound is exemplified by iron(ffl) meso tetraphenylpon^Mn-^i-oxo 
dimer [(04^^^6120, tris<2^,6,6-tetramemyl-3,5-heptaned^ (FeCCnHwC^)*; 
abbreviated as Fe(TMHD)3], bis{2,2,6,6-teu3methy^^ [NiCCnHisQ^fe; 
abbreviated as Ni(TMHD>2], bis(2,2,6,6-tetrame^ [Co(CnHi9Q2)2, 
25 abbreviated as CoCTMHD^], bis(2,2,6,6^tetrarnethyl-3,5-r^ptar^onate)cop^ [CuCCuH^K 
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abbreviated as Cu(TMHD)2] ? Hs(2A6,64etiamethyl-3,5-heptanedionate)z^ [ZnCQiHuQ,^, 
abbreviated as Zn(TMHD)2], and bis(2,2,6,64etramemyl-3,5-hep^^ 
[Mn(Ci iHigOih, abbreviated as Mn(TMHD>2]. 

Illustrative, but non-limiting examples of the "metal precursor 51 include the metal halide- 
based compound (MX* where M = Ti, Zr, Ta, Nb, Mn, Sr, Ba, W, Mo, Sn, or Pb, X = F, CI, Br, or I 
and (Ka<5). The metal halide-based compound is exemplified by titanium tetrachloride, zirconium 
tetrachloride, tantalum pentachloride, tin tetrachloride, tungsten chloride, molybdenum tetrachloride, 
manganese chloride, titanium tetrabromide, zirconium tetrabromide, tantalum pentabrornide, tin 
tetrabromide, and manganese bromide. 

In the method of the present invention, the "surfactant" is used to stabilize the magnetic or 
metal oxide nanoparticles. Examples of such surfactant include organic acid (QCOOH, C n : 
hydrocarbon, 7<ji<30), such as oleic acid, lauric acid, stearic acid, mysteric acid, or hexadecanoic 
acid and organic amine (CnNI-b, Q,: hydrocarbon, 7<n<30), such as oleyl amine, lauryl amine, 
trioctyl amine, dioctyl amine, or hexadecyl amine, alkane thiol (CnSH, C: hydrocarbon, 7<ri<30), 
such as dodecane thiol, hexadecane thiol, or heptadecane thiol, phosphonic acid (CnPO(OH)2, Q: 
hydrocarbon, 7<n<30) ? such as tetradecyl phosphonic acid or octadecyl phosphonic acid, 
tri octy lphosphine oxide, tributylphosphine, alkyl sulfate, alkyl phosphate, and tetraalkylarnmonium 
halide. 

In the method according to the present invention, it is preferable that the "solvent" have a 
high boiling point niustrative, but non-limiting examples of such solvent include an ether-based 
compound (C^O, Q,: hydrocarbon, 5<n<30), such as octyl ether, benzyl ether, or phenyl ether, 
hydrocarbons (CnHm, 7<n<30), such as hexadecane, heptadecane, or octadecane, organic acid 
(CnCOOH, Cni hydrocarbon, 7<n<30), such as oleic acid, lauric acid, stearic acid, mysteric acid, or 
hexadecanoic acid and organic amine (CnNH2, Q: hydrocarbon, 75n<30), such as oleyl amine, lauryl 
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amine, trioctyl amine, dioctyl amine, or hexadecyl amine, and alkane thiol (CnSH, Q: hydrocarbon, 
7<n<30), such as dodecane thiol, hexadecane thiol, or heptadecane thiol. 

Meanwhile, in the step (1) of the method according to the present invention, the metal or 
magnetic precursor is added to (i) the surfactant, or (ii) the solvent containing the surfactant to 
5 produce the mixed solution. The amount of surfactant in the mixed solution may be 1 - 1 00 times, 
preferably 5- 70 times, and more preferably 8-50 times that of the precursor. Furthermore, when 
the solvent is contained in the mixed solution, the amount of the solvent is 1 - 100 times, preferably 2 
- 60 times, and more preferably 5-40 times that of the precursor. 

In the step (2) of the method according to the present invention, the mixed solution of the 
10 step (1) is heated to 50 - 600*0, preferably 100 - 450 "C, and more preferably 250 - 400 °C to 
decompose the magnetic or metal precursor by heating, thereby forming the desired magnetic oxide 
nanoparticles or metal oxide nanoparticles without an oxidizing agent or a reducing agent It is 
preferable that the heating be conducted at 50 - 600°C for 30 min- 3 hours when the magnetic oxide 
nanoparticles are to be produced, and that the heating be implemented at 50 - 600 T for 1 min - 2 
15 hours when the metal oxide nanoparticles are to be produced. 

In the step (3) of the method according to the present invention, the magnetic oxide 
nanoparticles or the metal oxide nanoparticles, which are formed in the step (2), are separated. The 
nanoparticles may be separated through a method known in the art, and for example, ethanol or 
acetone is added to the reaction products to precipitate the magnetic or metal oxide nanoparticles, and 
20 the separation is implemented using a centrifugal separator and a magnet 

According to an aspect of the method of the present invention, one type of magnetic 
precursor is added to a solvent, which contains a surfactant, to produce a mixed solution, and the 
mixed solution is heated to synthesize "single component magnetic oxide nanoparticles". 
Additionally, two or more types of magnetic precursor are added to a solvent, which contains a 
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surfactant, to produce a mixed solution, and the mixed solution is heated to synthesize "composite 
magnetic oxide nanoparticles". 

In the above aspect, the size of the magnetic oxide nanoparticle can be controlled by a 
concentration of the magnetic precursor, and the higher concentration of the precursor increases the 
5 size of the magnetic oxide nanoparticle. The concentration of the precursor can be controlled by the 
amount of solvent In detail, the solvent may be added in an amount that is 30 - 35 times, 15 - 20 
times, or 5 - 10 times as much as the precursor in order to produce magnetic oxide nanoparticles 
having sizes of about 6 nm, about 9 nm, or about 12 nm, respectively. 

According to another aspect of the method of the present invention, one type of metal 
10 precursor is added to a surfactant to produce a mixed solution and the mixed solution is heated to 
produce "single component metal oxide nanoparticles" having an anisotropic structure. 
Additionally, two or more types of metal precursor are added to a solvent, which contains a 
surfactant, to produce a mixed solution, and the mixed solution is heated to synthesize "composite 
metal oxide nanoparticles". 

15 In the second aspect, the diameter of the metal oxide nanoparticle can be controlled by the 

surfactant In detail, the concentration of the surfactant is controlled when one type of surfactant is 
used, or a composition ratio of the surfactants is controlled when two types of surfactant are used, 
thereby producing metal oxide rianoparticles having the desired diameter. If the surfactant is 
composed of organic acid and organic amine, the increased amount of organic acid brings about 

2 0 larger diameter metal oxide nanoparticles. In order to produce the metal oxide nanoparticles which 
have the desired diameter of the present invention, that is, the diameter of 2 - 30 nm, a ratio of organic 
acid/organic amine is set to 1/50 - 50/1 , preferably 1/25 - 25/1 , and more preferably 1/12-12/1. 

Through the above method according to the present invention, it is possible to synthesize 
single component magnetic oxide nanoparticles, which contain one type of metal component and are 

25 expressed by M x O y (M = Fe, Ni, Co, Gd, Mn, Zn, Cr, or Cu, 0<x<3, 0<y<4), ami the composite 
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magnetic oxide nanoparticles, which contain two types of metal components and arc expressed by 
MNf 2 0 4 (M and M = Co, Ni, Mn, Zn, Gd, or Cr). However, the present invention is not limited to 
these magnetic oxide nanoparticles. 

Through the above method according to the present invention, it is possible to synthesize 
5 single component metal oxide nanoparticles that contain one type of metal component and are 
expressed by M x O y (M = Ti, Zr, Ta, Nb, Mn, Sr, Ba, W, Mo, Sn, or Pb, (Kx<3, (Ky<5), and 
composite metal oxide nanoparticles that contain two types of metal components and are exemplified 
by BaTi03, PbTiCb, Z1T1O3, BaSr x Tii^, PbZr x Tii. x 03 (0<x<l). However, the present invention is 
not limited to these metal oxide nanoparticles. 

10 Meanwhile, the magnetic oxide nanoparticles or the metal oxide nanoparticles produced 

through the method of the present invention may be applied to various fields, depending on the type 
thereof. For example, the magnetic nanoparticles, such as iron oxide nanoparticles, may be applied 
to magnetic resonance imaging contrast media, data storage, and sensor ferrofluid fields. Titanium 
oxide nanoparticles may be applied to photocatalyst and sensor fields, tungsten oxide nanoparticles 

15 may be used as photocalalysts and desulphurizers, and tungsten compounds having a layered 
structure may act as precursors and thus be applied to energy storage and sensor fields. Manganese 
oxide nanoparticles may be used as material for electrodes of high capacity ceramic condensers, as 
chemical reaction catalysts, and as material for soft magnets. 

A better understanding of the present invention may be obtained through the following 

20 examples which are set forth to illustrate, but are not to be construed as the limit of the present 
invention. 



EXAMPLE 1 : Production of iron oxide nanoparticles having various sizes 
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Iron nitrate (Aldrich) was decomposed by heating in 20 ml of an octyl ether solvent 
(Aldrich) containing 0.1 M lauric acid (Aldrich) and 0.1 M lauryl amine (Aldrich) at 290 TC for 1 hour 
to synthesize iron oxide nanoparticles having the size of 6 run. Furthermore, the procedure of 
synthesizing the iron oxide nanoparticles having the size of 6 nm was repeated except that the amount 
5 of solvent was set to 10 ml, thereby producing iron oxide nanoparticles having the size of 9 nm 
Additionally, the procedure of synthesizing the iron oxide nanoparticles having sizes of 6 nm or 9 nm 
was repeated except that the amount of solvent was set to 5 mL, thereby producing iron oxide 
nanoparticles having the size of 12 nm. 

20 jui of solutions, which contain the iron oxide nanoparticles thus synthesized, were 
10 dropped on a carbon film-coated TEM grid (Ted pella Inc.), dried for about 30 min, and observed 
using an electron microscope (EF-TEM, Zeiss, acceleration voltage 1 00k V). The results are shown 
in FIG. 2. FIGS. 2a, 2b, and 2c are TEM pictures of the iron oxide nanoparticles having sizes of 6, 
9, and 12 nm which are produced according to the present invention From these figures, it could be 
seen that the uniform iron oxide nanoparticles having the desired size were produced 

15 

EXAMPLE 2: Production of manganese ferrite (MnFe^Cu) nanoparticles 

Iron nitrate (Aldrich) and manganese chloride (Aldrich) precursors were mixed in an 
equivalence ratio of 2:1, and reacted in 20 ml of an octyl ether solvent containing 0.1 M lauric acid 
20 and 0.1 M lauryl amine at 290 V for 1 hour to produce manganese ferrite nanoparticles having the 
size of 6 nm. The manganese ferrite nanoparticles having sizes of 9 nm and 12 nm were 
synthesized through the same procedure as example 1 while the amount of solvent was controlled. 

The synthesized manganese ferrite nanoparticles were observed using a TEM, and the 
results are shown in FIG. 3. FIGS. 3a, 3b, and 3c are TEM pictures of manganese ferrite 
25 nanoparticles having sizes of 6, 9, and 12 nm produced according to the present invention From 
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these figures, it could be seen that uniform manganese ferrite nanoparticles having the desired sizes 
were produced. 

Saturation magnetic hysteresis depending on the size of the manganese ferrite nanoparticle 
was measured using a SQUID (superconducting quantum interferencing device, MPMS) at room 
5 temperature, and the results are shown in FIG. 4. From this figure, it can be seen that the higher size 
of the nanoparticle brings about higher magnetism in a saturation magnetic field. 

Furthermore, 20 ill of solutions, which contain the manganese ferrite nanoparticles, were 
dropped on a carbon film-coated TEM grid (Ted pella Inc.), dried for about 30 rnin, and observed 
using a high voltage high resolution TEM (Jeol, acceleration voltage 1250kV). The results are 
10 shown in FIG. 5. It was confirmed that crystallinity of the manganese ferrite nanoparticle was 
excellent and the nanoparticle had an inverse spinel structure. 

EXAMPLE 3: Production of cobalt ferrite nanoparticles (CoFe20 4 ) and nickel ferrite 
nanoparticles (NLFesC^) 

15 

The procedure of example 2 was repeated except that cobalt chloride and nickel chloride 
precursors (Aldrich) were used in place of the manganese chloride precursor of example 2, thereby 
producing cobalt ferrite nanoparticles and nickel ferrite nanoparticles. 

The synthesized cobalt ferrite nanoparticles and nickel ferrite nanoparticles were observed 
20 using a TEM, and the results are shown in FIGS. 6 and 7. From these figures, it can be seen that the 
sizes of the particles are uniformly distributed within 9 ± 1 nm. 

EXAMPLE 4: Mass-synthesis of iron oxide nanoparticles 
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Iron oxide nanoparticles were synthesized in great quantity using 4 g of iron nitrate, which 
corresponded to an amount that was 1 0 times as much as the metal precursor of example 1, in 100 ml 
of an octyl ether solvent containing 1 M lauric acid and 1 M lauryl amine at 290 "C . 

The synthesized iron oxide nanoparticles were observed using a TEM. and the results are 
5 shown in FIG. 8. From this figure, it can be seen that it is possible to produce iron oxide 
nanoparticles, which have excellent dispersibility and uniform size and shape, in great quantity. 

EXAMPLE 5: Synthesis of titanium oxide nanoparticles 

1 0 0.5 mmol of titanium tetrachloride (Aldrich) were mixed with 0.28 g of oleic acid (Aldrich) 

and 1.7 g of oleyl amine (Aldrich), and then decomposed by heating at 290*0 for 2 min to produce 
titanium oxide nanoparticles. 

The synthesized titanium oxide nanoparticles were observed using a TEM, and the results 
are shown in FIG. 9. It was confirmed that uniform titanium oxide nanoparticles having diameters 

15 of 5 nm and lengths of 25 - 30 ran were produced. 

Furthermore, the titanium oxide nanoparticles dispersed on an organic solvent were 
condensed and dripped on a silicone substrate (1 cm X 1 cm), and the solvent was vaporized After 
this procedure was repeated, crystalline structures of the titanium oxide nanoparticles were analyzed 
using an X-ray a^frraction analyzer (XRD, Rikagu), and the results are shown in FIG. 10. From this 

20 figure, it could be seen that crystallinity of the titanium oxide nanoparticle was excellent and the 
nanoparticle had an anatase structure. 

EXAMPLE 6: Synthesis of tungsten oxide nanoparticles 
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0.1 mmole of tungsten tetrachloride (Aldrich) was mixed with 1.63 g of oleic acid and 0.54 
g of oleyl amine, and then decomposed by heating at 350 t for 1 hour to produce tungsten oxide 
nanoparticles. 

The synthesized tungsten oxide nanoparticles were observed using a TEM, and the results 
5 are shown in FIG. 1 1 . From this figure, it was confirmed that crystals of the nanoparticles grew 
unidirectionaQy. 

Furthermore, the tungsten oxide nanoparticles were observed using a high voltage high 
resolution TEM, and the results are shown in FIG. 12. It could be seen that the ciystallinity of the 
tungsten oxide nanoparticle was excellent and the preferred orientation of crystal growth of the 
1 0 nanoparticles toward <010> was achieved. 

EXAMPLE 7: Synthesis of manganese oxide nanoparticles 

0.5 mmole of manganese chloride (Aldrich) was mixed with 0.28 g of oleic acid and 1 .64 g 
15 of oleyl amine, and then decomposed by heating at 270 TC for 20 min to produce manganese oxide 
nanoparticles. 

The synthesized manganese oxide nanoparticles were observed using a TEM, and the 
results are shown in FIG. 13. From the TEM analysis results, it was confirmed that the manganese 
oxide nanoparticles had a millet shape, and diameters and lengths of the nanoparticles were uniform. 
2 0 Furthermore, the manganese oxide nanoparticles were observed using a high voltage high 

resolution TEM, and the results are shown in FIG. 14. It could be seen that the ciystallinity of the 
manganese oxide nanoparticles was excellent, the preferred orientation of crystal growth of the 
nanoparticles toward <001> was achieved and the crystals of the nanoparticles were partially grown 
toward <211>. 
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Additionally, the manganese oxide nanoparticles were subjected to X-ray diffraction pattern 
analysis, and the results are shown in FIG. 15. It could be seen that the structure of the manganese 
oxide nanoparticle was tetragonal and the crystallinity was excellent 

5 Industrial Applicability 

According to a method of the present invention, it is possible to mass-produce magnetic or 
metal oxide nanoparticles without an oxidizing agent or a reducing agent, and to uniformly produce 
the magnetic or metal oxide nanoparticles having the desired size by controlling a precursor 
1 0 concentration or a surfactant 
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